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Abstract: Chelating phosphines have long been a mainstay
as efficient directing ligands in transition-metal catalysis.
Low-valent derivatives, namely chelating phosphinidenes,
are to date unknown, and could lead to chelating complexes
containing more than one metal centre due to the intrisic

capacity of phosphinidenes to bind two metal fragments at
one P-centre. Here we describe the synthesis of the first

such chelating bis-phosphinidene ligand, XantP2 (2), generat-
ed by the reduction of a diphosphino xanthene derivative,
Xant(PH2)2 (1) with iPrNHC (iPrNHC = [:C{N(iPr)C(H)}2]). Initial

studies have shown that this novel chelating ligand can act

as a bidentate ligand towards element dihalides (i.e. FeCl2,
ZnI2, GeCl2, SnBr2), forming cationic complexes with the
tetryl elements. In contrast, XantP2 demonstrates an ability
to bind multiple metal centres in the reaction with CuCl,
leading to a cationic Cu3P3 ring complex, with Cu centres

bridged by phosphinidene arms. Density Functional Theory
calculations show that 2 indeed holds 4 lone pairs of elec-

trons, shedding further light on the coordination capacity
for this novel ligand class through observation of directional-
ity and hybridisation of these electron pairs.

Introduction

The chelate effect describes the binding of a multi-dentate
ligand to a metal centre through more than one ligand ‘arm’.[1]

On entropic grounds, this leads to highly stabilised metal com-

plexes, a key factor in generating effective and long-lived cata-
lytically active complexes. Classic examples of neutral chelating

ligands are the diphosphino-ethane derivatives,[2] with which
over 7000 structurally authenticated transition-metal (TM)-com-
plexes have been reported.[3] Indeed, these ligands are still
broadly employed in catalysis today, as well as in the stabilisa-

tion of highly reactive TM fragments.[2b,4] Nowadays, a huge
number of neutral chelating ligands are known utilizing a
number of different donor atoms. In our group, we have fo-
cused on the synthesis and employment of chelating bis-sily-
lene ligands, which have proved to be powerful assets in TM

catalysed processes,[5] as well as in the stabilisation of reactive
complexes of BI,[6] Ge0,[7] and Si0.[8] However, moving beyond

the classical chelating ligand structure, we wished to design a
system which may accommodate multiple metal centres. In
this regard, few examples are known; recent work from Lu

et al. has employed tripodal phosphine-functionalised tris-
amido ligands, allowing for the systematic design of heterobi-

metallic complexes.[9] Conversely, we chose to explore a chelat-
ing ligand where the binding centres have more than one
binding site, that is, more than one free pair of electrons. A
key class of readily accessible compounds satisfying this char-

acteristic are the NHC-stabilised phosphinidenes,[10] which can
be seen as inversely polarized phosphalkenes,[11] and formally
hold two lone pairs of electrons at P.[12] Indeed, such species
have shown the ability to bind two metals at one P-centre
(Figure 1).[13] A wide range of carbene-stabilised aryl-phosphini-

denes are now known, which are accessed in good yields from

Figure 1. Combining the concepts of chelating bis-phosphines and phosphi-
nidenes, coming to the chelating bis-phosphinidenes.
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ArPH2 or ArPCl2 precursors utilizing NHCs or s-block metal re-
ductants, respectively.[14] More recently, a number of PI com-

pounds have been synthesised through the CO-liberation reac-
tion of the phosphaethynolate ([PCO]) fragment,[15] a notable

example being the recent isolation of a phosphino-phospini-
dene with a monocoordinated terminal P-atom.[16] Combining
the concepts of classical chelating phosphines with multiden-
tate phosphinidenes, we envisaged that employing two phos-
phinidene centres in close proximity may allow for the biden-

tate chelation of two metal centres by a single ligand. We thus
targeted the synthesis of a bis-phosphinidene via reduction of

a bis-phosphine precursor, and investigations regarding the co-
ordination behaviour of this novel ligand scaffold. Herein we
discuss the synthesis of the first isolable example of a chelating
bis-phosphinidene ligand, whereby each phosphinindene

centre formally holds two lone pairs of electrons. The utilisa-
tion of this ligand in the formation of mono-metallic and
multi-metallic coordination systems has also been explored,
and is discussed.

Results and Discussion

Numerous chelating phosphine systems have been reported in
the literature, which typically utilise a readily available scaffold
upon which to build the chelating ligand, such as xanthene,

ferrocene, and naphthalene.[17] Low-cost and easily accessible
ligands are desirable, giving the potential for broader usage of

these systems in industry and academia. These two key points
guided our initial design of a bis-phosphinidene ligand.

As the backbone scaffold for our ligand we chose to develop

a xanthene-derived system, given the prominence of ‘Xant-
Phos’ in chemical catalysis.[18] We also envisaged that the re-

sulting P…P distance would be great enough to disfavour at-
tractive interactions between the PI centres. Our synthetic

route to the xanthene-derived chelating bis-phosphinidene
ligand, 2 (Scheme 1), involved the formal reduction of Xant-

(PH2)2 (1) with iPrNHC (iPrNHC = [:C{N(iPr)C(H)}2]) in the formation
iPrNHC·H2, which is in close relation to the reduction of PhPH2

by the same N-heterocyclic carbene (NHC), yielding iPrNHC!
PPh, reported by Radius et al.[14] The initial synthesis of 1 is rel-
atively straight forward, following modifications to the proce-

dure reported by Osborn et al. some years ago,[19] following
double-deprotonation of 9,9-dimethylxanthene with two molar

equivs. nBuLi in a hexane:diethyl ether mixture.[20] In our
hands, bis-phosphine derivative 1 could be isolated as a col-

ourless oil through extraction of the crude reaction mixture
with Et2O following aqueous work up, in 78 % yields, and was
of adequate purity for subsequent chemistry. Spectroscopic
data is lacking in the original publication of this compound,
and so is briefly discussed here. The -PH2 fragments of this

species are clearly visible in its 1H NMR spectrum, presenting
as a doublet of multiplets (d= 4.04 ppm, 1JPH = 202 Hz; Fig-
ure S2 in the Supporting Information), through coupling to P
as well as xanthene-Ar protons. Concordantly, the 31P NMR

spectrum (Figure 3) presents a triplet of multiplets, due to Ar-
CH couplings; this signal collapses to a singlet in the 31P{1H}

NMR spectrum (d=@140.6 ppm; Figure S3 in the Supporting

Information).
As mentioned, Radius et al. have reported that the addition

of iPrNHC to PhPH2 followed by heating to just below reflux in
D8-toluene leads to the clean formation of iPrNHC!PPh.[14] We

thus hypothesised that a similar approach may be utilised in
generating bis-phosphinidene 2 from 1. Addition of an excess

of iPrNHC to an NMR sample of 1 in C6D6 leads initially to the

formation of a yellow precipitate, which dissolves upon heat-
ing the reaction mixture to 65 8C. Continued heating for 2 days

leads to the formation of a bright orange solution containing a
single new P-containing species (d =@77.2 ppm; Figure S7 in

the Supporting Information), shifted up-field relative to that
for iPrNHC!PPh (d=@59.9 ppm), but in keeping with the gen-

eral resonances expected for carbene-stabilised phosphinide-

nes.[10b] Upon cooling of this sample, bright orange crystals of
compound 2 readily formed, X-ray diffraction analysis of which

confirmed the connectivity in this species (polymorph 2A,
Figure 2). A preparative-scale reaction for the formation of 2
conducted in toluene at 100 8C gave considerably more expe-
dient access to this compound this compound, with the reac-

tion being complete after 12 h as ascertained through NMR

spectroscopic analysis. After completion of the reaction, re-
moving all volatiles from the crude mixture and washing with

copious amounts of diethyl ether and hexane yielded essential-

Scheme 1. The synthesis of bis-phosphinidene ligand 2. (i) nBuLi, 1:0.2/hex-
ane:Et2O, 45 8C; (ii) (EtO)2PCl, @78 8C–RT; (iii) LiAlH4, Me3SiCl, @78 8C–RT;
(iv) NHC, toluene, 100 8C.

Figure 2. Molecular structures of 2A and 2B, with probability ellipsoids at
30 %, and protons removed for clarity. Selected bond lengths (a) and angles
(8) for 2A : P1@C16 1.830(5) ; P2@C25 1.826(6) ; C16@N1 1.354(7) ; C16@N2
1.393(7) ; C25@N3 1.329(8) ; C25@N4 1.385(8); P1···P2 3.965(2) ; C2-P1-C16
99.65(3) ; C12-P2-C25 97.50(2). For 2B : P1@C16 1.790(5) ; P2@C25 1.821(3) ;
C16@N1 1.364(5) ; C16@N2 1.356(5); C25@N3 1.359(4) ; C25@N4 1.359(4) ;
P1···P2 4.452(1) ; C16···P2 3.619(4) ; C2-P1-C16 105.72(2); C12-P2-C25 97.60(1).
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ly pure 2 in moderate yields. Figure 3 b shows the 31P NMR
spectrum of compound 3.

Compound 2 is insoluble in hexane, only sparingly soluble in

diethyl ether, and rapidly reacts with CDCl3. Upon heating 2
becomes quite soluble in THF, and is readily soluble in acetoni-

trile at ambient temperatures. Typically, in any solvent, 2 crys-
tallises/precipitates upon modest cooling. We tentatively

assign this characteristic to the lattice structure of polymorph
2A (Figure 2, left), where compound 2 appears to form 1D H-

bonded chains through the interaction of the NHC backbone-

CH moieties of one molecule of 2 with the phosphinidene cen-
tres of another. As is perhaps expected, due to the high elec-

tron density at the two P centres and their two-coordinate
nature, no P···P interaction is apparent in 2A (d(P···P) =

3.965(2) a), with both [CPC] arms sitting essentially coplanar
with the xanthene backbone. Notably, recrystallising 2 from

dilute THF solutions leads to a second polymorph, 2B
(Figure 2, right), in which no strong intermolecular interactions
are observed, leading to a monomeric structure. Here the P···P

distance is slightly larger than that in 2A (d(P···P) = 4.452(1) a),
and one interactions between one P-centre and the NHC C-
centre of the [CNHC-P-CXant] arm is rotated by 1368 relative to
those in 2A. It is likely that this conformer is favoured due to

intramolecular second [CNHC-P-CXant] arm, given the inversed po-

larization of such NHC!P moieties leading a positively polar-
ized carbon atom.[11] Although the P···CNHC distance here

(d(P···CNHC) = 3.619(4) a) is slightly larger than the sum of the
van der Waals radii for these two elements (3.5 a), the overall

geometrical parameters perhaps hint towards such an electro-
static interaction.

To gain insight into the above phenomena, the molecular

structure of 2 was optimised using Density Functional Theory
(DFT), at the B3PW91 level of theory (details in the the Sup-

porting Information). The optimised structure of one molecule
of 2 converges to the isolated polymorph 2B. Furthermore, we

were able to identify two additional isomers of 2, having the
Cs and C2 symmetries. However, both Cs and C2 isomers are

higher in energy than 2B, both in gas phase and in solution,
by between 3.7 and 4.9 kcal mol@1 (Figure 4). Selected orbitals

of 2B are presented in Figure 4, representing the lone electron
pairs available for binding in 2. The HOMO and HOMO-1 corre-

spond to p-type lone pairs at the phosphorous centres, whilst
the HOMO-3 and HOMO-4 correspond to s-type lone pairs

(Figure 5). The corresponding NBOs are presented in Fig-
ure S25 (see the the Supporting Information).

With bis-phosphinidene 2 in hand, we wished to explore its

use as a ligand towards TM fragments, and further towards to
the formation of multi-metallic systems. The addition of a THF

suspension of ZnI2 to a suspension of 2 in THF rapidly led to
complete loss of the bright orange colour of 2, and the forma-

tion of a slightly pale-yellow solution (Scheme 2). A 1H NMR
spectral analysis of the crude reaction mixture indicated the

formation of a single new product. Crystals isolated from a

concentrated THF extract of the reaction mixture were con-
firmed to be the 1:1 coordination product, 3, through an X-ray

diffraction analysis (Figure 6). Compound 3 contains a tetrahe-

Figure 3. (a) 31P NMR spectrum of bis-phosphine 1, and (b) bis-phosphini-
dene 2 in D8-THF.

Figure 4. Calculated relative energies for isomers of 2.

Figure 5. Selected orbitals of 2B.
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dral coordinated ZnII centre, bound by two iodide ligands, and

the two P centres of the bis-phosphinidene ligand. The xan-

thene backbone in 3 is planar, however, both P centres hold a
trigonal-pyramidal geometry indicative of stereoactive lone

pairs of electrons. Both Zn-P-CXant angles are equal due to a
symmetry plane through the centre of its molecular structure

(103.76(4)8), and are surprisingly acute, with both carbene
donors sitting out-of-plane relative to the xanthene backbone.

This is further borne out by the CXant-P···P-CNHC torsion angles,

which deviate considerably from linearity (44.13(8)8). This effec-
tively forms an open binding pocket on the open face of the
bis-phosphinidene ligand. Despite this apparent ‘open pocket’,
addition of a further equivalent of ZnI2 to 3 does not lead to

formation of the desired bis-adduct. In fact, addition of a
second metal dihalide, namely FeCl2, to THF solutions of 3
does not lead to a heterobimetallic complex, but rather to ZnI2

displacement, and formation of yellow solutions of XantPP·-
FeCl2 (4, Scheme 2). This species is also quantitatively formed

upon addition of FeCl2, as a suspension in THF, to bis-phosphi-
nidene 2. The 1H NMR spectrum of 4 dissolved in D8-THF is ex-

tremely broadened due to paramagnetism, whilst the 31P NMR
spectrum is silent. Compound 4 crystallises from concentrated

THF or acetonitrile solutions as yellow crystals, with a molecu-

lar structure similar to that for 3 (Figure 6). That is, CXant-P-Fe
angles are near-right-angles (105.46(2) and 103.11(2)), and con-

siderable torsion of the NHC units away from the xanthene
plane can be observed (39.1(4)8 and 54.6(4)8). Addition of fur-

ther FeCl2 does not lead to the complexation of a second
equivalent of this metal halide.

A DFT analysis of 3 hints as to why the desired bis-metallat-
ed species are geometrically inaccessible, with selected orbitals
depicted in Figure 7. The HOMO and the HOMO-1 correspond
to the dative interactions between the two phosphorus cen-
tres and Zn, with the HOMO-10 and HOMO-11 corresponding
to the remaining pairs of electrons at the two phosphorous

centres, presenting as s-type lone pairs. The NBO diagram of
the participating orbitals is presented in Figure S26 in the Sup-

porting Information). These latter s-type lone pairs lie perpen-
dicular to the xanthene plane, and thus parallel to each other,
therefore not allowing for the chelation of a second metal. It is

likely, however, that either utilising a more flexible backbone,
or a backbone leading to reduced P···P distance, could circum-

vent this situation.
Similar to the ZnI2 displacement observed upon addition of

FeCl2 to 3, we also observed that the addition of CuCl to either

3 or 4 in acetonitrile leads to Zn/Fe displacement, respectively,
and formation of the cluster [(XantP2)Cu3Cl2]+Cl@ (5). Interest-

ingly, we found that the 1:1 addition of CuCl to XantP2 led to
the same cluster complex, as did the 2:1 addition, indicating a

considerable relative stability of 5 over the 1:1 and 2:1
XantP2 :CuCl complexes. The 1H NMR spectrum of 5 at ambient

temperature is highly complex, featuring a number of essen-

tially indistinguishable broad peaks, indicative of the unsym-
metrical nature of this species. In keeping with this, the
31P NMR spectrum of 5 at ambient temperature also shows a
number of broad signals. Satisfyingly, however, heating this

sample to 60 8C shows a clean coalescence of signals in the
1H NMR spectrum, leading to assignable signals (Figure S14 in

the Supporting Information). Similarly, the 31P NMR spectrum

also coalescence to a single peak at this temperature (d=

@95.5 ppm; Figure S14 in the Supporting Information), sug-

Scheme 2. Synthesis of 1:1 TM complexes, 3 and 4, utilising bis-phosphini-
dene 2.

Figure 6. Molecular structures of 3 (left) and 4 (right) with 30 % probability
ellipsoids, and H atoms removed for clarity. Selected bond lengths (a) and
angles (8) for 3 : P1@Zn1 2.433(4) ; P1@C1 1.827(4) ; C1@N1 1.362(5) ; C1@N2
1.366(6) ; P1-Zn1-P1’ 101.23(1); C1-P1-Zn1 111.19(5); Zn1-P1-C10 103.76(4).
For 4 : P1@Fe1 2.471(2) ; P2@Fe1 2.490(1) ; P1@C1 1.828(5) ; P2@C10 1.832(5) ;
P1-Fe1-P2 103.10(5); C1-P1-Fe1 109.87(2) ; C10-P2-Fe1 114.32(2) ; Fe1-P1-C20
105.46(2); Fe1-P2-C30 103.11(2).

Figure 7. Selected orbitals of 3.
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gesting to some degree rapid ligand exchange processes upon
heating samples of 5 in solution. Cooling the sample returns

the highly complicated spectra observed prior to heating. This
31P NMR signal for 5 is considerably shifter to higher field than

previously reported NHC-phosphindene complexes of a
CuCl,[13d,21] perhaps indicating a greater donor strength for the
phosphindene centres in 2 relative to previously reported ex-
amples. Isolated crystals of compound 5 contained considera-
ble amounts of highly disordered solvent in the crystal lattice,

which led to the acquisition of data of below publishable qual-
ity. This precludes a discussion of specific structural parameters

in the molecular structure of 5, but does confirm its connectivi-
ty (Figure 8).

Unlike compounds 3 and 4, the molecular structure of com-
pound 5 demonstrates the capacity of the bis-phosphinidene

ligand 2 to act as a tetra-dentate chelating ligand. Of the four
P-centres in 5, three are found bridging two Cu-centres, form-

ing a six-membered ring structure, which, given the above de-

scribed NMR spectra, is likely labile. All Cu centres are three-co-
ordinate, two being bound by two P centres and a chloride,

and the third by three P centres, resulting in the formation of
a cationic Cu centre and a free chloride counter ion. This struc-

tural motif is in contrast to previously reported mono or bis-
CuCl adducts of NHC-phosphinidenes, which are monomeric,

or show bridging CuCl···CuCl interactions, in the solid state.[21]

However, the molecular structure of 5 is reminiscent of report-
ed trimeric Ph2PCu complexes, (i.e. [L!CuPPh2]3 ; L = DippNHC

or 1,10-phenanthroline; tBuNHC = [:C{N(tBu)C(H)}2]),[22] and per-
haps even more so to the CuCl complex of an inversely polar-

ised phosphalkene reported by Weber et al. ,[23] all of which
hold a six-membered Cu3P3 core with alternating Cu and P

atoms.

Following from the synthesis of TM systems utilising bis-
phosphinidene 2, we sought related chemistry involving low-

valent group 14 fragments (Figure 9). To this end,
GeCl2·dioxane was reacted with 2. Addition of THF to a rapidly

stirred mixture of this dihalide and 2 led initially to dissolution
of the solids, followed by precipitation of a pale yellow

powder after a few minutes. This was presumed to be due to

the formation of the salt separated ion pair, that is, [2·GeCl]+

Cl@ , based on similar results reported previously for the combi-

nation of strongly donating bidentate ligands with group 14
element dihalides.[24] Layering an acetonitrile solution of

GeCl2·dioxane with a solution of 2 in the same solvent led to

the formation of large crystals after 12 h at ambient tempera-
ture. The molecular structure ascertained from these crystals

confirmed our hypothesis regarding the formation of separat-
ed ion pairs, leading to Ge complex 6·Cl (Figure 9). This con-

trasts with reported chelating bis-phosphine complexes of
GeCl2, which typically form neutral, four-coordinate species,[25]

indicating the strong coordination ability of 2. Notably, the Cl@

counterion in 6·Cl is readily exchanged upon reaction of this
complex with NaBPh4 in acetonitrile, leading to 6·BPh4. In con-

junction with this, the consecutive addition of SnBr2 and
NaBPh4 to a solution of 2 in acetonitrile led to the analogous

complex of BrSn+ , namely 7·BPh4 (Figure 8). To the best of our
knowledge, these complexes represent the first examples of

phosphinidene-coordinated tetrylene species. Both BPh4 spe-
cies could be crystallised from acetonitrile, although due to
considerable disorder in the BPh4 anion, the crystallographic

data for 7·BPh4 are insufficient for discussion. Nevertheless, the
collected data confirm the connectivity in this species (Fig-

ure S1 in the Supporting Information). In the solid state, the
cationic part of 6 and 7 are essentially isostructural, and all fea-

ture the central E-X fragment disordered over two positions,

with this bond sitting parallel above the xanthene plane, or ro-
tated by 1808 in the plane of the xanthene backbone. This

backbone is considerably puckered in all three species when
compared with the described TM complexes 3 and 4, seeming-

ly due to the near-acute P-E-P angles in the tetrylene com-
plexes (6·Cl : 98.13(3)8 ; 6·BPh4: 94.72(1)8), compared with the

Figure 8. Molecular structure of the cationic part of 5 with 30 % probability
ellipsoids, and H atoms removed for clarity. Metrical parameters are exclud-
ed due to low crystal quality.

Figure 9. Synthesis of cationic adduct complexes 6 and 7, and the molecular
structure of the cationic part of 6·BPh4 with 30 % probability ellipsoids, and
H atoms removed for clarity. Selected bond lengths (a) and angles (8): P1@
Ge1 2.507(3) ; P2@Ge1 2.488(4) ; C1@P1 1.842(8) ; P2@C10 1.831(6) ; P1-Ge1-P2
94.70(1) ; C1-P1-Ge1 98.49(2) ; C10-P2-Ge1 101.06(2); C20-P1-Ge1 101.18(2);
C30-P2-Ge1 97.80(2).
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more open angles in 3 (angleP1-Zn1-P2 = 101.24(2)8) and 4
(angleP1-Fe1-P2 = 103.10(5)8). P-E distances are in keeping with

known dative P!E single bonds. As with complexes 3 and 4,
addition of further EX2 species (E = Ge, Sn; X = halide) to 6 or 7
did not lead to complexation, again due to the structure of
these complexes ‘opening’ the binding angle of the opposite

face of the phosphinidene ligand to too great a degree. Taken
as a whole, however, these initial results are a highly promising

starting point to explore the further utility of this novel bis-

phosphinidene ligand scaffold.

Conclusions

In conclusion, we report the initial synthesis of the readily ac-
cessible chelating bis-phosphinidene ligand 2, and have

probed its complexation reactivity in conjunction with Cu, Fe,
Zn, Ge, and Sn halides. In the former case, the ability for 2 to

bind multiple metal centres at each P centre has been demon-
strated, whilst complexes with GeII and SnII halides readily form

ion separated pairs. We are currently further exploring the un-

usual coordination chemistry of this ligand class towards fur-
ther metals, and in the formation of easily accessible hetero-

multimetallic systems.

Experimental Section

Experimental procedures and characterization data for all new
compounds, full details of the computational studies, crystal data,
and details of data collections and refinements are available in the
Supporting Information. General experimental considerations and
the synthesis of compound 2 are outlined below.

General considerations : All experiments and manipulations were
carried out under dry oxygen free dinitrogen using standard
Schlenk techniques or in an MBraun inert atmosphere glovebox
containing an atmosphere of high purity dinitrogen. Hexane, tolu-
ene, diethyl ether, THF, and acetonitrile were dried by standard
methods. C6D6, CD3CN, and D8-THF were stirred over a sonicated
potassium mirror for a period of 48 h and recondensed into a
Schlenk tube containing activated 4 a mol sieves. NMR spectra
were recorded on a Bruker AV 200, 400, or 500 Spectrometer. The
1H and 13C{1H} NMR spectra were referenced to the residual solvent
signals as internal standards. 11B NMR spectra were externally cali-
brated with BF3·OEt2 (15 % in CDCl3) ; 31P NMR spectra were exter-
nally calibrated with H3PO4 (85 % in H2O). The starting material
NHC (NHC = [:C{N(iPr)C(H)}2]) was synthesized according to the
known literature procedure.26 All other reagents were used as re-
ceived.

Synthesis of 2 : Compound 1 (2 g, 7.3 mmol) was dissolved in tolu-
ene (75 mL), and NHC added (2.2 mL, 14.6 mmol) via syringe. A
yellow precipitate immediately formed. The reaction mixture was
then heated to 100 8C and kept at this temperature without stirring
for 10 h, after which time no solid was present and the solution
had become an intense bright orange colour. A 31P NMR analysis of
this solution indicated that all of compound 1 had been con-
sumed. The reaction mixture was cooled to room temperature,
and all volatiles removed in vacuo. The oily orange residue was
washed multiple times with Et2O (4 V 20 mL) and hexane (2 V
20 mL) to remove excess NHC and the by-product, NHC·H2, leaving
an analytically pure bright orange powder, 2 (2.52 g, 60 %). X-ray
quality crystals of 2 were obtained by slow-cooling of a hot, satu-

rated solution of 2 in either THF or a benzene/THF mixture, giving
two different polymorphs. 1H NMR (D8-THF, 200 MHz, 298 K): d=
1.24 (d, 3JHH = 6.8 Hz, 24 H, NHC-iPr-CH3), 1.53 (s, 6 H, Xant-(CH3)2),
4.99 (sept, 3JHH = 6.8 Hz, 4 H, NHC-iPr-CH), 6.54 (m, 2 H, Xant-Ar-H),
6.84 (m, 4 H, Xant-Ar-H), 7.08 (s, 4 H, NHC-(iPr)NCH) ; 13C{1H} NMR
(D8-THF, 75.5 MHz, 298 K): d= 22.5 (NHC-iPr-CH3), 33.1 (NHC-iPr-CH),
35.1 (Xant-CH3), 50.0 and 50.1 (NHC-(iPr)NCH), 116.2, 119.5, 122.0,
128.9, and 130.7 (Xant-Ar-C) ; 31P NMR (D8-THF, 162 MHz, 298 K): d=
77.2; HR MS (SI): m/z = 575.3064 (calcd for [M++H]+ : 575.3069).

Crystallographic data : Deposition numbers 2022087 (2 A),
2022088 (2 B·1 (THF)), 2022089 (3·2 (CH3CN)), 2022090 (4·1 (THF)),
2022091 (4·2 (CH3CN)), 2022092 (6·Cl·1 (CH3CN)) and 2022093
(6·BPh4) contain(s) the supplementary crystallographic data for this
paper. These data are provided free of charge by the joint Cam-
bridge Crystallographic Data Centre and Fachinformationszentrum
Karlsruhe Access Structures service.
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